HIV-1 populations, like other RNA viruses, are established as a closely related mutant spectrum or cloud, which have an impact on virus evolvability, fitness, and virulence. The influence of codon choice in population diversity and evolvability of HIV-1 remains poorly explored. Here, we compared the development of HIV-1 resistance to protease inhibitors (PIs) of wild-type (WT) virus and a synthetic virus (MAX) carrying a codon-pair re-engineered protease sequence with thirty-eight (13 per cent) synonymous mutations. WT and MAX viruses replicated indistinguishably in MT-4 cells or PBMCs. To explore the evolvability of the codon pair re-coded protease, WT and MAX viruses were subjected to serial passages with the selective pressure of PIs \[atazanavir (ATV) and darunavir (DRV)\]. After the same number of successive passages in MT-4 cells in the presence of PIs, WT and MAX viruses developed phenotypic resistance to PIs (IC50 14.63 ± 5.39 nM and 21.26 ± 8.67 nM, for ATV; and IC50 5.69 ± 1.01 µM and 9.35 ± 1.89 for DRV, respectively). Sequence clonal analysis showed the presence, in both viruses, of previously described resistance mutations to ATV and DRV. However, a different resistance variant repertoire appeared in the MAX virus protease when compared to WT. The G16E substitution was only observed in the WT protease while the L10F, L33F, K45I, G48L, and L89I substitutions were only detected in the re-coded MAX protease population. The influence of the G48L mutation, which is extremely rare in vivo, on viral fitness was assessed by introducing this variant in the WT background. In the absence of drug, no differences on viral fitness were observed between the WT and MAX viruses carrying the G48L mutation. In order to detect minority variants in the quasispecies that could explain the emerge of G48L mutation, deep sequencing analysis using the Illumina MiSeq benchtop deep sequencer was performed. The implication of this mutation in the re-coded context is being explored considering that a particular sequence space can delineate the evolution of their mutant spectrum.
